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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a semiconductor 
device that includes an insulated-gate-type transistor 
operating of low power consumption and high speed, and 
to provide a method for manufacturing the semiconductor 
device. 

SOLUTION: Source and drain regions 9 are selectively 
formed in the surface of the transistor formation region 
of an Si substrate 1, a lamination gate insulating film 
25 is formed on the channel region between the source 
and drain regions 9 and 9 in the Si substrate 1, and a 
gate electrode 3 is formed on the lamination gate 
insulating film 25. The lamination gate insulating film 
25 is formed by the three-layer structure of HfSi02, 
HfO, and HfSi02 films 21, 22, and 23, where each has 
higher dielectric constant than that of Si02. In the 
HfSi02 film 21, reactivity on an interface with the Si 
substrate 1 is low, as compared with that of the Hf02 
film 22. In the HfSi02 film 23, the reactivity on the 
interface with the gate electrode 3 (polysilicon layer 
4) is low, as compared with that of the Hf02 film 22. 
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s i s« i cd h =j >z?x*Bismm>$k 

Mrt tc jlftftjfc 2 V - X • F U -f 9 #9&£ $ 

ft. S iiSlK*»4V-X • FU-f>«M9. 9 Pfl 

ft, SWy-h*ftlMI2 5±{cy-h«ffi33W^RR3ti 

8l»y-Kft(WR2 5««<r*«S i CCD 
SS$4ffr5Hf S i 0,ig2 K HfOl2 2M 
H f S i 0,112 3©3J8«igt?^$n. H f S i 0 2 
Jg2 l«HfO ! !2 2 £9 &S iStl i©^ffi"C© 
JSf&tt*5ffi<. HfSiO,I23BHf0 1 I22<fc«) 
fey-F«ffi3 (^W'JrOJf 4) i©|?S-C©J5f5 




1 : a. i as 

3 :y-HB« 

9 : y-a • fKyan 



21 : HfSi OjB 

22 : HfOB 

23 : Hf S i OtIS 

25 : iiy-hean 



m<D b 9 > v * % *£t»*£3W**are $>-ox. 

ariay- h ^^MT©HMta-> y ^ >g«©aiffi 
* * * t h x mm s h i 
Mia y- h immiKteis. s nfc # y y =i >#> 6 a & 
y- 

tuta^ =j tcHuia? 1* *;HR«*ifcA,t? io 

^J&S*i/clfli;Ra>'S2©v--x • KU-f>«tt&*3 

Buiay- h *utitu:. ~> y ^ >wmm «t o fcgts^is 

BMiaTBSP^mffact'^gPfcJrb^BulB^ 'J 3 >gS£©<5 

miay- h mmmz. =« >mim£ 9 &gts 

1 3 »iS81ft»i^ u . mriasg 1 

~jb 3 omOTmaiuKi* i ~~m 3 ©jrarsji $ n . 
mzTmmzmnEmi <ommmmmm^^ suta* 
*gi5ttsufa^2<DiSiis<*m#K ; &^^. mjia±Jia5« 

suia^ i 2 © h >y * £ w^n-etiifrtay 
- h *e^M> Mf ay- h tiso 1 Miam iR»»2oy 30 

Butajg loh? >5^x ^©fuiay- i- ^s©^j?*itr 
tern 2©h5>yx$ ©lutey- f *&-iijR©j@m£<fc o m 

mrfam loh? >i>x ^©Hutay- h sH8£j&«> SfefiJS 
t&*ttis>)x >BKbJ« «fc o fcsts^^i,^ i -m 3 

3 <D^mmimmm(omxmm £ n, 
Miam i ©y- h*e#M©BtriaT®si5WBuia$fe^mR!>* 40 
miess 1 (D-mmmwmmm^^. mam 1 ©y- t-m 
^M©luia4'*gi5«mriaii 2 ©ig^m^e^M^^. 
SiriB^ 1 ©y- hiffeiiiJ!i©Huia±nspwijtf!a^3 ©^ 

s!rfa^2©i-7>^x^©Bufay- 

<#ffei&l!g£W L . mmm 4 ~* 6 ©iSilSft^Jgtt^ 

4~^6©jHfS@$n, 

frta^2 ©y- n6isi@©f3faTSSi5WBflfa^4 onm 
mmsmmz-gfr, mria^2©y- h^tmcsfrfiatf* 50 
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if. ^^s. 

[ sMSS 5 ] 4 tatg©^^{*^g-c$> o r . 

Biria^ 1 Ri^»4©?eif«fl*i»ii«i5i— *m-r?»fiss 
n. 

h5i am 2 s.^m 5 ©is^s^^ttisi— ttmx-mm 2 
n. 

Btriam 3 Rtfsg 6 (DmfSfMBMM»ia-^r^ $ 

M© h 5 > s^x $ £#tf ^^^©ssijg^a-r * o 
r. 

ca)mrffi^ y ^ >s©±cc^^fcy- mhuui«^i$e 
tsxf ■> y tuiey- h^^T©8>rfa^ ■; 3 

coffia^ v 3 >s«©*®f«3k: . got a^ + 
w»-cm 1 st>*m 2 © v- ^ • f u-c >mm&mtit? & 

KU-Y >MJS> ttrfiay- h *M»«RO t BlBay- h me«c 

mfiay- h iffeftiii*. -> y 3 >M<ta «t *> ^wmmfim 

miieTJlgP«BglBct"*§PK:J:b^B!ria-> y 3 >mtt ©s 
tiifaiJisptsiuiattJ^gptctL^Hfriay- h mgi©^ 

susay- h i&ttRu. y 3 >M^kia «t 0 t>ii$« 

1 ~0 3 ©i^iim«g«fe)g5: w o . 

mriaTHSP^mfiam 1 ©^5gim{$$fe#Bi*^^, 

WiMXy- y y(a)«. 

ca-i)mrie-> y =• >mfo±t,cm&m 1 ©iSi§m<*iBi»M 

(a-2)Bu!af£ 1 <Dnmm#mmi&±t<cms%$2<D'?sm'm. 

##6W»*jeRW4 ^ 7- y i s 

(a-3)Huiam 2 ©issi sf*i&iSje±(t friam 3 ©Hfsi^ 

«fii»J»?:ffMt- 5Xf-;^tf, ¥«#^g©Mj» 

mria h 7 > $ «. Mie-> y 3 >s©ec*jw 2>m 1 
urn 2 <Dj£j$flittcc&jK3 nss 1 Rvm 2 © h 9 >s? 
x^?r^ > mrtamis.i>'m2©h^>i?^dftt^n-e 
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ftMtBy- hiettig. fray- hSffiscmiBsr 1 so' 

HUiBXT" f y<a)«:, 

HiTIBSfl 1 <D> -5 >S>x ^©ffiey- hi»iBJg©M/f *M 
1BJH 2© h7>yxii ©ml By- h ^,#M©MJl«fc 0 J? 

<»j*j-*^f-» y*^t?. *^f*^g©si**!ao 
ftfiBm i©h? >^x ^©mrisy- h mmmiz. mmm 

ti"J=i >mitm «fc <3 1 ~31 3 ©3S§S 

ifufBfli 1 ©y- h$gi^M©HtrlBT)lgI5«B?fa*fi^^R?>* 
huIB^ 1 OSStWl^g*, firlBKi 1 ©y- hlfi 

mmoimitt&mmmm 2 ©iSn««s^M^^*, 

mflB» 1 ©y- h*g«^©milB±)lg|3ttHrrfB»3 ©1«R 

B?fB^2 © h =7 >yx ^©miiay- h gatiest*^ y => > 

wifB»2©y- h*g#M©mifBT)lg|5«wrlBll4©lSSI 

m#mmm&-g&, wriB^2©y- h^mcbuib** 
aRrt&iasj 5 (D-mm^m&mmz^ft; msm 2 ©y- 
h*6^M©BufBJbJigi5«H«fB^ 6 <D^mmm&mm^ 

BufBX'?- •? 7'(a)(*. 

(a-l)MIB0 1 OMIittKail^Mt^Xf- 

y<t. 

(a^2)fnetfiKH±CCfliriB3F 1 CDiKBm{ttftitR&}BJ$ 

ia-vm&m i <oicai«i446iut±(ci(nefli2 ©wsm 

(a-4)BMfB^ 2 OffSittttKMULhtcmsSr 3 ©S5gPI 
(a-S)BglB^ 2 ©0fiR^±KfriB» 4 ©WSfUftJ&ii 

M£j&a-r*xy*7<!:, 

Ca-7) Ml 5 ©^Mm^te^je±«C MIB^ 6 ©iSSIS 
(Wli^MtS Xfs- y i^t? > *^*^S©SS{3& 

im. 

[ nt;&9 io] it mm 9 sBts©^<*^»©sjji*^ 
-e&o-c, 

ft, 

ft, 

Ml BUI 3 R<>*^ 6 ©ftimttfWItttl^tm^j£ $ 
ft. 

itflBX-?- -y y(a-2)RO'(a-5)«(5]B#(Cj^f 2 ft, 
wFiBXy-? 7(a-3);Rtf Car6)«[5IB#K:i|?T;* ft. 
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BUIBXt-'v yCa-4)RO*(a-7)ttlUB${C^?f Sft-5. *S 
[0 00 1 ] 

p©«j&«cna-rs. 

[0002] 

10 [ft5fc©&flS] <MOS h-7>^X£$fjt>^3 Ottg£ 
*©MOS h5>i?X^©^jt?:^-r»r®0-C$>S„ |5l 
HfCSVr<fc5tc, S i 1 ©3R^»-SSf 1 5 . 1 
5 F*3© F- 7 >^X $fltg«(CMO Sh7>yx Zifift 
>3jA£ft&„ 

[0 0 0 3 ] -f S iS® l©h7>yx£7fcJ& 

^©SMrttcSlRWCC 2 o© y -x • F U A 9 

ft , S i 8« 1 KfcW & v - X • Kl/-f 
9 , 9 Pi5J©? f ^^M^Lhtcy- h$&»& 2 #JfcJj£<* 

ft. y- h*6Mjg2±(cy-hs®3*s^^3ft, y- 

20 l-§!3©l!iKt^ F^*-JH 6«ShS. 
[0004] y- MS 3 'J i"J 3 >1 4 i ^o± 
Stlc&f&StittisVlt'i FBI 1#>6&<3, y-x- F 
l/-/>M19*6t-f F^*-;n 6TCCf*t>*Tx^X 
■r>^>3>^8*^^3ft, y-x- KU-f>««9 
±(C«^";if-f F^«l 0^JS3ft-5„ 

[ o o o 5 ] y- \-mmm2 i*m<m<t> l < «^^t 

«0 3 0 ©WCttEE <fc L.r.-i< y ^ 'J3>14 -CJ&jSS ft 
"Cl,^*s. T*^y rXUVzi^ZffifmmtL-Chg. 

30 

[0 00 6] <«JS*ft>«T. 03 0-C7jkVK.Wk<D 

mos h7>i>x^©sm^ ; &iJiHj-r-s <> 

[0 00 7 ] ST, Silgl ^*T-^H^{bJg 1 5 «c 
h u>^B^©5R-^9-8t«JfC^SI-rs„ ^© 

f^. siisi <D±wzmmit v y- h 2 

[0 0 0 8 ] -?-L-r. ^'J^'J3»14±fC^- f-^x 
^itt*TEOS*©»{ttt*»ii6l/. 3fXS^(cJ:^ 

40 r, m-itm*'**--:/ m^-c. 

n >®4 LIMi »^ y«KI%tf itY- htm 

x-r-5. 

[ooo9]f©fi y- hflnistifctfyf y a>» 
■f 9 ) «r«j5S istco trf&. y- h»nx s ftfc^< y 

~> y n>d4 ©fflijffitc-y-^ K<J * -;H 6 *ff^T-5>„ 

c ©^, y -c- f -5 * - ;n 6 T©^*5!Bjte;tSt«i^{*ix ^ 

50 Xt-»3 >MJiS8 i^c-5 0 
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[ooio]mc>t, y- f finis ntc# y->y =ojb 

[0 0 1 1 ] ^"r©St ^- KvXi'-e&SgMtJK©*-;, 

5=->^m\ y- hfinxs^/c^y^y 3>ji4<d± 

[0012] t44. y- hjjnisnfc^ 3 >ji 
4 ©±gB. r?>* v - x • Fi/-/ >m.i$ 9 ©±jb^W'> y io 

■VA F'-fbU ^rti^tiiy'JVA FJi 1 lRV^VV-J F 

[0013] laS^fclgSgt. 03 0-CtkU/cMO 
LTC»&l»»IH»»K«e»SU KmttiTSrtf 9 Cite 

[0014] 

Wtift* [6i± 3 -a- 6 d r # fc. 

[0 0 1 5-] ■*-£*>■&, MOSh7>yx$5r^i 

*«^c, mos h^>yx^tcfca^rs i o, 
ufc) y- n6»«t©anwi:«:j:or je3ii,r# 

[ 0 0 1 6 ] 13 1 «03 O-CSUMOS 30 

mmiCvkT J: -5 (C. 2o©y-x- FU-f>Mi$ 
9 KMJ^l 0) ©-5*i— ^Ccv-XifB^l 2 

T . flfe^fc Kl/-f>»f 13 *KW. y- FH@ 
3±k;y- hffi+ i 4 ^iw, s i mm i tc*«st£4g 

^17^W5„ 12, y-h 

*&=P 1 4 1 7 ©Hft£ 0 V . KV-f > 
ffi?1301Ml. 5V(C18:SOT<,>.S. 
[0017] L#»U S i o.y- M&WK^WJBI^O 
T3 nm«T©^il«C-r-5i. 13 KC^ti^K, y 40 

-htmm2*fti,tcmmh->*Mcj:z>f-b y-? 
mm. i i*sp*K«:o. a^o^+^ji/^ssi-rsig 

flttftUKWC^otLS^. LSI©# 
[0018] C©«fc5{c. (SfH»«*{fcRC«Bmfp* 

ismos h7>yx$©y.- FJfcfgJUtb-cs i o, 
t^sttft&mwicmisxid*). -en^rJTK-r-sy- f so 
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ttawtm-«jsw»«s*ir(,»*. -&©-£-?«. Hf 

0 ls Z r Oz % a©, S i 0\ J; 0 6X141****-*' 

siKR«f**ma*. mos h5->^x^*sfpoii*ns 

[0019] ±j&bfclftiSS<*1#f4£y 

-h*ftiwiKffli,>rfe. y- vi&Bmmm&oTmu-ya 

ssioPBifc^bS^js-r-sci^^nrt^. s 
lasa ©Racers ns&fbj&w:. «§§ii^*4£ffl 
&*+^> $ £>*#f#e>ftft:y- f * f ^ 

— {cjgfis s nt i » s fc*. y-h ffittBrFCEft£j$ s n 

[0020] ccw%wja±EraHjS*<B»-r*fc»Ktt 
snfctor. ffims«^t?*»oiss«:«jfp-r.5^isy 

- FM© F 7>^ f **t»¥3K**6«ao t *©«j6*' 
[0 02 1] 

y-h§y©h7>^x^^t?*^«g-cab^r. tu 
te f ^ > v>x $ luiav y n >iss±ccgjf?wtc^ 
snfcy-F»«gi*«A. wiay- naitBTFowE 

S^y:3>g«©^!ffi#*i»*;l/^£LT#i;$$4T, W 

lay- f JOH«±(c^j!fis n/c=i< y > y n a * y 

— f m@ i , ttriB^ y =1 vskc^mf^k mi B5 1 •<> * ^ 

««*Jfc^t?»J|RS tifc^ 1 ©V -X • FU-f 

>M^i^s6(c«^.. WEy- FiawBia. ~>y^> 

gp. *^gp. RcrFJMI»»6tt«J, Bui3T/lg|5«mrie4> 
^SUKtb^BulBi"; 3>S«i©St5tt*5fl£< . b5IB± 
HS|5«Sf)f B**§P(c ib^Buiey- F Mffii ©SfStt^ffi 

[0 02 2] */c. »*3«2©#6BJ«. l iefg© 

miiay- F*g^M». #**Ji/y 
n >M-fbM<fc *> i>mw&vis^m i ~^3 ©iggiMi**g 
mm^m b . huib^ i ~-m 3 ©isgt^«g^ii«^ 1 ~ 
m 3 ©iht^h 3 n. HuiBT^gp«B«ia0 1 <D^mn.w 

is. 

[0023] */c, m&m3<D&wte. 1 fats© 
¥m#m$£v$> o -c , hui a b^>t>^dntmi mtm 2 

©h7>yx^^, ^131^1^0*02© F^>^X 

ftar-tti-ennriBy- Fiaiwu. mrtay- Fusso'itu 
fa*iRo'02©v-x • h'u-f>«fi. ifjfa^ 
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1 © h =y 3?<3Db51B^- h*6«J&©&JI*iirfBSI 2 

©h7>^x^©friay- \~mmm<Dmm£'0B< or 

[0 02 4] »#q|4©»9Jtt. lf*lI3IBiS© 

^ft$gar*-or, fijiagn © h-7>yx£©if(fay 

m^is^m i ®?*im#tfiftR£ £*ru wia 
i&ftli. tut am i ~m 3 ©iS^sMW6SJg©flrcstJB $ 
n. mam i ©y- h mkmvmzTmmzmzm&m 
&.vimimi<Dmm&ffi&mmz&&. iwb* i ©y- io 

mrta* i ©y- h^M©mriaJbJigi5«Huia*3 © 

y- hi&ttjRK. wis >; n >awtii«fc <5 hmmmfr 

6 <Z>miSfMeiHR«9 4 ~!B 6 ©JHrBMI § ft . Ml B 
*2©y- hiffi^K©m)IBT^S[5«BufB®4©lgifm^ 

nmm^^ imam 2 ©y- hjfi*sjg©i5rtBt>*aj« 
Mta^ 5 ©?ggffMfc*s&jg£^# v frtasfr 2 ©y- h m 
mm<DmM jdamtsnsm 6 ©«§fs«ei*jg£^t?„ 20 

[0 02 5 ] »*JB5©^Bjtt. ff 5fcjj4 fate© 

^^Sit* o r , m&m 1 4 ©S5s§s**i&ii§ 
jgwrn— t*£Fe^j&3ft. Hffiap2Ry f ^5©«iim* 
*a»j»iiBi— tm-c^fissn. m&m3R&m6<Dis3s 
m&mmm\tm—ttm-vBi&2 ft z. 
[0026] c<D&mmzmmm6%m<D¥-mwmm 
©»je#ffiii. ~>y 3>s«K(¥*)iiSEh**ai»y- h 

r . ca)Bufa^ v 3 isW&±K.mmteV- 

Mf^^T-,^?:!^ t5iay- h«£»JgT©KriBi' 30 
y 3 >««©ai® # ^ + * <t L r mm 3 ft . (b) 

zmfc-? 5^f?7't, coBufat' y n >*ts©siffiF*9 

vvj^m$.*j&f&-*z>*7-v-f£*zp>uimz-. fata 
»iMf2(Dv-x • >««, tuiay- h«i» 

3 ft. Butay- h^sitt. -> ^>m<tm^K> i>mm 

TJISP^^J&O. mflBT)lSB«itrfBcf^gU(Ci:b^|f(ia^ 40 
[0 02 7 ] *fc. lf*JI7©^HJ«, l«^ia6fB«g© 

^#^a©t8®^ftf*o-c, «wey- nawm*. 
y 3 >M{bJH J: D 1 ~JH 3 ©ias§ii 

&3fcftJp£W L . ftrfBTBSBttitufaffl 1 ©iSiHHmm 
JS£^. HalBcf^gPBBUfB^ 2 ©!S§§^ffctfiifSyg£# 
^. mifB±Jlg|5«B?IBII3 ©W3f^fcfgiifM ; &^<&. ff 
IB* r- y Ca)«. (a-DSFfB^ y rJ >St5_hfCfufaf?l 1 

©iS^^fl^M£j&j?x-r&*7-5»y<!:. (a-2)Hgfam 50 
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tcMf a^ 3 <Di&mmmmmz&i&? s^f^^ 

[0 02 8] IM69[80ftnU:. »*«6gB*g© 
*IW*«a<C«3g3Ert*-C* o-C. jtijf a h 9 > £ « , 

b?ib-> y n >a«{c*jwsiu 1 so^ 2 (omf&mm^m 
^na^ 1 M$2o h 7>i?x^ Miami 
sj>*»2 © F7>^x ^«^ft^ftB?iay- bmm> 

BHiay- h m@R!l>*lufBm 1 • FU-Y 

MfBX-r^y(a)«. BulBHl©h7> 
i^X ^©sfflBy- h ^^©MP^Miem 2 © h -5 > 

^y©mriay- h^ai©^<fc'3ii<^T.5.x7 u ^ 
y**te. 

[0 02 9] 89*5 9 ©^W. f»*JM8fBSg© 

^ftKaoMBJfcsrffi-r* o x . Buiam 1 © h 5 
$©«nay- htewau. i&isim t y n >^ b« =fc 0 

ttfiB» 1 ©y- h m^je©mrf BTHSPJifff f BiiaSKRO' 

mriam 1 ©«at«^K«tii«d». buibb 1 ©y- 
^©H«fa**giJttiifsB» 2 ©iSfsn<m#K£^. 
file® 1 ©y- t-mMmo}m%e.±mmm&m3<Dffim 
n&$mm*-g&. mi an 2©h^>^x$ ©suiay- 

6 ©ia^mme^M** l . Buiam 2 ©y- b$mm<D 
BufBTJigB«tuiam 4 ©^^m*fe#M=&^^. tutam 
2 ©y- h ^)«©B(ffB*^a5«fjfB» 5 <ommmm& 
iuiam2©y-h$e^©mria±esiJ«M 

tam 6 ©iggf^ftijfcfi]^^. BUlB^T- ? 7'(a)«. 
Ca-DtulB^ 1 ©0fiR«WJ:tC|6||«*^JSW-* ^ f 5» 

y i . aa-2misJi&mm±icmmm 1 ©«r m^^jg 
* sxf?^i, (a-3) mriam 1 ©Hf gf 
Bt±«c«ria»2 ©s«^«c*fi»8t*»)iw-* x^- y 

i. Ca-4)BUia^2©^Si*^«g±0cffffem3©l« 

ns^^a^j^fiS-r -s^. y ? y <t . (a-5)toiam 2 © 

»fiS««Jbtc«riSfll 4 ©ffHafM&IHR%^fi»- 

» y t . (a-eimism 4 ©itRttfttfittKJhKfflree* 5 

©iSH^m^^^-r^x-r *y£, Ca-7)miiam 
5 ©i«slS«6i^M±^tuiam 6 ©iSR«ttt&ltlR& J£ 

[0030] ssfc. 1 o©i%bj«. tt^qoeets 
©¥*Sf*^a©SBS*s-c* o r . fjiem 1 so*^4 © 
nsmmmmmtem—ttnT-mm 3 ft . tuiam 2 m 

5©«ifS«6,mM«|3J-W^r?f^3ft. fJlB^3SL 

o*m 6 (Dmmmm&mmizm—ttm-cBm 3 ft. mibx 
y f y(a-2)so*(a-5)«i^H#(c^f 3 ft. ButB^ t~ ^ y 

Ca-3)SO*Ca-6)«I3IB#iC^f 3ft. SufBXf- 9 
RD 1 (a-7)«|3]B#Cc^f 3 ft S„ 
[0 03 1 ] 

[ &w<Dmm<Dmm ] < < mm<oim 1 > > 
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s \mfat<Dmmfcfc* : &h-ftcth!<c. msHfo, 
mcommnmfmt s i mfatcomit. h f cutjt^ 

gtH^SJ: OffiC^S i £cDJ5j£ttteffi< > s i o 2 <£ 

DttBSTOWBiaH f s i o 2 mm<Disvtrj vmzft 

[0 0 3 2] CO«K6-C«. y-F«ffiCC£0| 

*ffli*iti*waai^, fiestas y~hw«ec 

t *;i/©8»R«il>*ec ^> t U 3! 5 . 
[0 0 3 3]—*, y-h«S6CC^IK*ffl^ft:4br 

[0 034] #IS»tt, Rtffi«I£<DftiJfflltt9<Dtt«&«fi 

. isaruay- h^««^cm, Hfo 2 § 20 

i ±CDJKl£te«:ffi< S i O,J:0ttBWt*WIHr>H 

[0035] <«js>ia 1 «c ©»wc^ias©JBS8 1 r 

«r^-r»fffiEI"C*S. EIHCC^-rjc^Cc. SiSfilO 
SR^WMMMtB 15, 1 5 ft<D F vlszs* ZBfSm&lC 
MOS F7>^X*#flE9i&SftS. 
[0 03 6] -Tttfe-fe, S i!filC0F7>^^M 30 

SiSSl«:*5»iv^- Fi/^f>ffl« 
9, 9IH?*4^ + *JHR*Jb«:ailiy- Fj&i*Jg2 5 

aftWrtsti*. 8wy-na«2 5B, «*#s i o 

»J:OfeiS^SS«***"r*Hf S i 0 2 Jg2 K HfO 
M2 2MHf S i O z I2 3<D3JB«J6rjgJ5S3ti 
£0 

[0 03 7] Hf S i 0 2 Jg£2 1 ttH f 0,B2 2 <fc 9 
Silll i<D^ffi^<DJ5j£tt#ffi< . Hf SiOj 

2 3«H f o 2 l22J:0fcy- Fm@3 (#y^/yn 40 

[0 03 8] FJWI2 5±Ccy- F*ffi3# 

»JSSn, F«ffi3CDfflJH«:-y--Y F£*-;H 6# 
7£/£S*lS. y-h«ffi3«d<y^yn>JB4<b-€-<D± 
SMcmi&ZtitcisVyj FS1 1#>6&9. • F 

[0 03 9] <»BS^ffi>H2^01 8te:0 l-T?7nLfc 
^M<Djfcf& 1 ©MO Sh7 > £<D!£g;fr£*7jri-»r 50 
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Ii^^ 0 (SIT, Ctl^(D05:#ibt, WtcDff^J 

[0 04 0] (SR^MB) H2fc*rr<fc5CC, S 

iS«l**«iU EI3tcSvi\£5R: % Silfi 

1 **^MBttfl« 1 bZm^tc F U>^MKJ:S9R 
^»«CC<fcor, *WMMSMb«l 5". 15IBCC3RT» 

tie 1 ©MteBJig-er. S^Bt^fcJS 1 5 TCC S i S 

[0 04 1 ] (^SfM&WRoflW) 04-0 

HfSiOi«2 1. HfO l I22, HfSiO,«2 
3-*«t>C«air*Ci«CJ:D^ 3J|«tj&Ot&«KlR^jiK 
C*i6<DlR»ra\ Hf S i 0,*12 1«0. 3~ 
2nm (3-20^'^A) v HfO 2 J®22«0. 5 
-3nm, (5-3 Xhn-A) % HfSiO,Jg2 3 

&S0. 3-2nm ( 3 — 2 0 W Xhn-A) £*r& 0 
[0 04 2] S/c, H f 0 2 «2 2*»JiWStB^, X 

l>. HttRlH f S i O a 2 1 . 2 3<DJBJ58Wffi*>Jl^ 

[0043] s^ic, tm^H f tcise-r. zr <$✓»; 

. La (^>£» feL/<». Cftt><Dttn 
(Dm^t>^i>^<. ->yn><fc0felftl^9fK^C[)tt 
tt^ffl^fc^y^-f V/**V J V/isVTA F<ht>5 
3JMffi*«J«Tft«fil>. 

[0044] h«ffi*m©JKH) H7CC 

7j*-r<fc5*c* ±BCcd<yi/y3>ja4*^-rs. cc 
#y^y:a>»4<DR«tt— W£OT5 OnmH 
3 0 Onmit^ 

[0045] cct, ?j<y ->y n>H40r>ftt>0^y 
> y n > a L < «3j< y y n > ^vr. 

^•ji/y^^feii^, y> F-^#y^y=i>*a 

NMOS ( F5>^X^fiR) ««CC«y> 

*PMOS««cc«sKa>*>r*>aA0rfcfti> o Sc 
^F (07Ki±-T) t^^Ufcl aA^Tf^C^ 

2tittffimi&m<D— mt it« i x i o 19 - ixio 

21 c m- 3 #&£o 

[0 046]f©^ 08CC^TJ:^CC, #'JS/»J3> 
B4±CC^- Fv^^ UTflH>£®KbJS5 ^iBl/c 

>^I6^MTSo Bjft«5©««tt2 Onm 

^6 2 0 0 nmitl. 0 
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[0047] <y- bmm) ^^x, hi otc^-rj; 

hmz—Vit LXO. 05wm*e»0. 3/zmifi. 
[0 04 8 ] 01 2Ct*f <fc5fC. U2>><h>< 

J85CDX ? ^>^fflB!*fr l^- FvX^a'^->5 a 
^Lt, H 1 3 0C5rr«fc5CC, ;^F7X^" 

[0049] (y-X • Fb^>$M x^X^>->3 
>««) -5" It, HI 4fc5W\fc5fc. 1 
9<D8EA*fift^ NMOS, PMOSMI^^ti 

<DB5L NMOS, PMOS«J«««©5^*>ftA* 

lt*J<. Y*>aA«, m«NMOStC*fLT«Bt 
i^aAxW^O. 1-1 0 keVtF-X12x 
10 H cm- 2 -5xl0 15 cm- J ib, PMOSKStfU 
tBBF 2 *aAi*^0. l-10keV, F- 
Xilxi0 14 cm- 2 -5xiO ,s cm- 2 it^ 0 
[0 05 0 ]"S etc, H 1 4rttHSt6l* * 
h ({RWSJSOftUbO) -f*>ffiAttT5. «iL«NM 
O S tC>Ft I t«jKo>4iiAx^;l/f - 1 OkeV-3 
OkeV, F-Xll x l o 13 cm" 2 -5x l 0 13 cm 
- l iU PMOS«:*rur«ffl;3R*aAx*;l/^-5 0 
keV-2 0 0 keV, F-XS 1 x l 0 13 c m-*ft?> 
5xi0 13 cm- 2 W^h>ftyaA^f^ 

F^t>aA«y- FTCC^F«»3&saAS*i*J: 
0° aAH*«»r. aAS^rHKb 

WeSATSo 

[005 1] 3»^T, flWHKfefr^ ^K«rtHR««3 
l«:ffiAsnfc^««*?Sf^bS-tt-S. MWn(taUK8 
0 0t-l 100U B$ffflra5 sec-60sec<h~r 

[005 2] F-J*-;!/) @15{C^t 

<fc^Cc, £UfcWKIl3 2«NILft:ft. 

U=r>J14 0»JHCC-9-^ F^*-JH 6^fiST^>o C 
©BR, #y isV*>m4&W<( F^*-;H 
OHfSiO,i21 l Hf0 2 I2 2MHfSi0 I 
3 MCXiCr*- Fv^^^->5 a«i$n5. 
&*J, S^fc«3 2CDJBff«3 0nm-10 0nmfr 

[0 0 5 3] (V-^- Fl/-f>««) tOft, H17 

cc^-t^sk:, nmos, PMOs^^-e-n-encc 
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l/^XF7^^|ffliW . :**fi<8j-f:*>3 3<D&A 
^fC\ NMOS, PMOS^tlfnov-X- FW 

>««9*»«-rs. «ti^Tj»«ia*m*ffiAsnfc^ 

«»*tStt<fcS-es. COB, 1f>f F9*-jH 6T© 

[0 05 4] ^*>ttA»m«NMO SCC^Lr tttlt 
I*aAxW-*10-10 0keV. F-Xlix 
1 0 15 cm" 2 -5x 1 0 16 cnr'TRO. PMOSCCfcf 
irBBF 2 ^ftAxW-5-5 0keV, F-X 
10 Iixi0 l5 cm- l -5xi0 u cm- 2 rff^ S/c, 
i®l(Jfig8 0 0 -C*>6 1 1 0 0°C, B#Fa1« 1 s e c 
^630 s e cit5 0 

[0 05 5 ] (S/ytf-r F> *<D«. HI 8CC^TJ:5 

«c, a^bhtt u y-x- fw>« 

«9©JJB«Cc^yif-f F1M1 0*. y-FSPXSti 
te*y^yn>»4©±JBWCC^yif--< FJB1 1*»JSS 

-r&„ #yvy 3>i4S^>»Jt^ fh i 

20 [0056] mmmm mm. h^l&c^ ura 

ffitHRL fBIB«> il^OMOS h9>^jftfi&*» 
[0 057 ] <3^m> CCD<fc 5 ^ttCDf^ffi 1 

tt«acctetf5Mos h^>^**». ^ye>yn>4 

««5Hf4i L/cy- MS3 £1C9tS»©«filHR««ffi 
tm± U/clSy- MBHUR2 5 &*»6*d5l/t^4. 

[ 0 0 5 8 ] H f S i 0 2 M2 1 , 23OTf0 2 J;H 
S i icDSjSttA^fil^c*. Hf Si0 2 I23iy- 

F®g3 £<DWmt>ZWZH f S i 0 2 B2 1 <b S i 3 

[0059] w^ot, y-hm@3, sway-na 
WR2 5. si ssi rMsn^y 

- h * * ^ > **Jft©R«***4>3 #r b * 5 C i tt 
S i l«lfl0^t^<D+t y T<D&MBL& 

[0 06 0] g/c, HfSi0 2 i21, 2 3KS i O z 
<J:9iS»*rtWl>fctf>* HfSi0 2 l21, 2 3*C<fc 

[0061] ^<D&gk, nmmmi comm&mmz. 

[0 06 2 ] S/c, Hf S i0 2 !2 1, Hf0 2 l2 
2, H f S i 0 2 I2 3CCJ:*8IJB»JfiCCj:i3, vya 
>»{tBU: 9 ■«****< , Silll hH@ 
3 (^y^>yn>H4) ^(DSlStt^^BP (H f O, 
50 12 2) J: ^fi^TlSP (H f S i 0 2 12 1 ) Mi 
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n §u (Hfs i 0,1323) zm-rzmmv- \-mmm 
254, 04 ~0 6 &vm i6tsi tcttMmmmttT. 
*i£»rr £ c i tc £ o c i tfiv # s . 

[0 0 63] 3 y-hSi3ilt^'Jv"j3> 
*S»r>-Cl>Sft:8&U»^ffl[«EE*tlSRfl«)e*{clW»-r4 

[0064] HDfg8ltfI&iE ; £f#-2>t§-£, StJf 

htfitKR2 5 «f U 3 >»4fcJ»KJ±^r*W*»< T S 

c i^r-*s/cs?>. awy- h£iMt2 5 ^u/ca:s 
h > * ;uk J: s h y - fmm&mmic ft o . ^tin io 

[ o o 6 5 ] < <mt&<Dmm2 > > 
<mm>m i 9 ttc©»gB©39tcwBfK2 

mx&z. mmicm? mttsmitmi sect 
■.rsiisi z c t tc«fc o mewem 

«A 1 KOffEWEKlfltfHttA 2 
[0066]^U, IHIEEttflHWttA 2 CC«. 0 1 1? 
Wl/«J»0»»1 ©3MHI©flliy- F*feiiJg2 5 
^WTSiSSBEffiMOS h^>^X^Q2?:Jf^b. itj 20 

sEswmi^A i {c«4s«tjs©asy- vimm&m 
[0 067] mmy- vmmm2 5 Bnti2 0 . h f 

SiO,I2.1. HfO.122, Hf 

[0068] ffeCD^fiStt, iSmilfflMO Sh7>-^$ 
Ql. [SmjEfflMOS h7>yxdfQ2ft«:. iltip 
Lfc*5fc©I^l©MOS h^>5?* *©«»<!: EWC 

[0 0 6 9 ] <S£i:'ji£>02 0-12 9 &01 30 

istc.mm<DBm 1 ©mo s h ^ *©««*ffi*^ 

1 ©MO Sh7 >5>X #©l*3fi#ffi*SlWS-S. 
[0 07 0] (JR^J«) *-T. B2 0Ki5?tA5K, 
Si3ffil£i£fSU 02 lKi7jVr<fc5CC, SiSIl 

*H*«c «fc or. lR-^iaig!<Ui 15. 15 RgtcflfiSElfr 
fts«ttA 1 RCflSfcEObflMRWA 2 *JBfi«--5. 
[0 07 1 ] ( 5> n >Mf UU|$JA) iJttC. 022 (C^ 

■r j: ^ «c, sissi ©suB^&iwt; u mttwm.it 40 

JP1 5JWBfiRSn-Cl.>tt«r>S i««l©SlMT-£>StS14 
flWLh«:BUl»*2~ 10nm©SiOJ2 OiJBJdtT 

[0072]^bT. 02 3CCSVr«fc5K:. 
mk. ^Jtt«S«:J:r>-CW«EE«if¥««Al©*ai,>(S 
^SElWI^j A 2 (i^p-T & <fc 5 K;s* > ^ UX l> 

[0 0 7 3 ] sKur. 0 2 4 tCTjrr J; 5 «:. 
JSJE»£-*-4S8K«:«U (S«E«bf¥««A2©S i O, 

i2o©MiSi, -e-©^ 02 sctijvrj^tc. 50 
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MEMmMMA l±*m-z>xmcl'isX h;-?*->3 4 

[0074] (msmmtmmmvmm) ^k, 026- 

•3. HfSiO,I21, HfO.122. HfSiO, 
112 3 «*«EMfPfR«A 1 SCffi«BE«lfPfiW«A 2 ^ 

n-en«:*j«,>riKxis8W-5c tie «t o . nms.m^m 
ma i t«4ji«® (20-23)^ i&msMmm 

A2-Ctt3JMB6 (21-23) ZBtiLtZ. 
[0 07 5 ] &*5. H f S i 0 2 JSi2 1 . HfO ; l2 
2. MH fSiO,I2 3©J3IJ5. ffe©S!{jt;S?£> ffc 
©*t*4^W*SS©^SS 1 il5«-C4>^ 0 

[0076] ( v- v wmm<ovm^ v v-a f> * 

bt, 07~01 8-C^Ufc^St©^l <t[5H»©7'P 
izxtmx. 02 giCTnTJ:^^. ffittEEttflMHttA 1 
CC S i 0,112 0, HfSiO.121, H f O.M2 2 
RD^'Hf S i 0 2 JJS2 3*.e.&S4B©SB^- 
M2 6?rWT^.igm»ifflMOS h ?>i?X $ Q 1 £5Sf& 
fi«E«W¥««A 2KH f S i O t 1^2 1 . HfO ; 
M2 2SO*H f S i 0^2 3*>6£* 3Jf ©StJgy- 
ht6IHi2 5*^rrSfiWEfflMOS h5>yx$Q2 

[0 07 7 ] (BHil^) «P4«. H^l/ttl,»*J. JBIHI 

[0 07 8 ] <#J3I> C© J: ^ iC, *JS©^2 ©¥*§! 
ft*B«c*»W*?lf«EE«MTP««A 1 tc^fiRSniWtBE 

iMosh7>yxi!Qiij, =i>4«fijat*4 
i u/cy- hm©3 tmm^W(o$mm2 1 ~2 3 i s 

1 O,g|2 0it«RSSeRil/fcSWiy-Hfi«»«t2 6 
i*»6«J*l/TI.»4. T&:b*i. S i 0,12 0^^ 
f S i O.JR2 1 4TBSC. HfO I I2 2 4Wa H 
f S i0 1 «2 3*±Jl»iL.teaWi* , -HftltBt2 8 

[0 07 9] -2f. MEWIWA 2 ic^^^n?»[S 
SffifflMOS h7>i>X$Q2(J, 0 1 -C^lz/cSlife© 

^ i ©mo sh5 $ ipj^, # u ^> 3 >*ffi 
tmnt ufcy- hs«3 i^ii«ft©jfef*^2 1 ~2 
3 zffii&mmt vtcmm^- tmmz 5 t^hmmu 
x^z. 

[0 08 0] htcffi^X, {g^JIfflMOS (-7>yx$ 
Q2Ktet^r(3:. HSt©ffJMl ©MO S h^>^X^i 

MOS h -7>^X$<!: U-CSb^S-ii-SCiAS-C^^. 
[008 1 ] — ^. ISmffifflMOS h5>yx$QKC 
*5^r«. 8Wiy-H6»8t2 6B. Sd^'-hiffi*tM 

2 5©fltitCC.S i 0,Jg2 O^jlftJ-r-SCifCjcD. iSS 
^J£Tr^+^-{fffit4©^t^y- HlM?:WtSMO 

[ 0 0 8 2 ] -r fm<omt&2 (D^m-vmmu. 
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nnEtmw&A 1 tmms.mmmA z &m-? ? y 

&K.mftm®A i tctmmKT-ebmm&cDm^-- h 
n&if si* fc^DiiMo sh7 Q 1 

h^>^X5?^^f5<i:C» i 5, MOS h7>^$ 
£&t- *$K* -5 C t *s-C * S „ 

[0 08 3] «'(C, ©SEEfflMOS F7>^fQ2 

<omm>f- mmm 2 5 cd^^sj^-c* y . hshee^ 

MOS h7>^X#Ql©i8Jiy-hifi&3£Jg2 6©£*t 10 
fmm-e$>Z>> HfSiOJ21, HfO i M2 2W 
H f S i 0 2 J^2 3<DWMffi&li*. 02 6-02 8"C^ 

[0084] 

8t3jS£ 1 IBtS©¥*g#^H(C:fe W & h 7>^x^(ct$l=. 

■c. y- h mmmit ^ y 3 >m<tm£ y & r«*mk». » 

»iso ( ?t*Ji'»6*5y- h+tA-->$«a 20 
©ti¥* . y- h mm**-" y =1 >iwtffltt?j&sw s 

[0085] mz.-c. y- mmm<D±mm*y- f-n 
y- h«S4©WBsa6*4i>wT»»i v y 3 

<fc©WffiJgtS#£DT_kfBy- h ^t^^fiiOSIS 
*£<£T£-B\ a^g 1 **;^©*-* uro^l&K^iS 

[0086] *©!§#, 1 %m<D¥m#mmx. 30 
* y is y 3 >*y- h^iffii u <gsss«EE-c*>issis& 
fp*rai«a: h^^x^W-rsciccifK its* 
©ffiMRWifj£8i){1;©Jl3i£0-5> Ci*!?#5 s 

[008 7] lf*^2IBig©¥^«^M© h 7>^X* 
«> y a^BKfcflU 9 6B$tt¥*s;«l>$ir 1 ~lfi 

3 ©lSH«ft»^)«©SUB«M{c J: 0 . ->'Ja >Mf t* 

<£ y gts^asis < . ~>y=i >s«sn) f y- h £ ©s 

JC5tt*J**gi5J:y®^TJBgPRCJ f ±JBSI5=S:WT-Sy- h 

[008 8 ] 1*381 3 IBtt<Z>¥*tt&B». Sl©F? 40 
>^X£©y- h*fi**DJRJ**SI2©l-9>5*;**© 
y-h«a»il©W»J:»JJ»<-r-5CiKJ:0. ^l©h 
7>i7^$*»2©h5>^dfJ:yfe?5fi8BE«lf^FCC 

ffl(cffl(,>&^© h -7 £©<£(, -e£ s„ 

[0 08 9 ] 4 IE*g©^«^S©» 1 © h ^ > 

y > ' y n >&-ffcJB&<fc y sss*3&s^5< . y 3 >s«^ 50 
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Cfy- h«S4©RjStfe&Jtf*WJ:Dfit»TJBaBSa«± 

[0 0 9 0]|5l#K. ^20h7>yx^B, 

•J 3 >BMfcBU: y feif^3WSC^4 ~~f?l6 ©i^M^t* 

*a»0©stJB«ig{i: «t y . ->'j3 >m<m «t y sis$*! 
K< . y a>»RRaty- hWBicsaEtfewt^au 

<fc y fi^TBWRtf JJlfflfe'W-r *y- h^^M?rib*5 

[0091] ss«]«5iB«s©^^s«. * 1 Rum 
mtitm 3 acx»6 ©wn*#«siMi*-eti-e*ii5ii^{c 

f^-TS C /cab. SS^Xg©fSB§^t=Sr0S C 

[0 09 2] C©«WKto**4tt#£6iJtt©¥'*ttSS 
g©S!{^ffiCCj:orS!{^§n.5 h^>^X^(Cfcl,i 

r . y- f*6#m«-> y ^ >BMfc««fc y fcB**#wi,» 
MimrMsnti^fcjf). y-hm®. y-h 

©rw*. y- HftitK*f y a>tt<bj«-ejKflfr 5 

[0093] jn^.r. y- na»«©jji«»y- 
® £ ©gjsttw **sp ct y © < . TJigp» ^ y 3 >s« 

i©Sl£tt36S4'*»«fcyifi<3ti'C^4fc«). ±HSI5£ 

y- h ig t <omm sjs* c 1 ijthsb i->'j3 >s« 
£©WMjStc:.* s ^(;-r±iBy- h * -p --^>^^i*©i§« 

f^fiT3t. ^o^ + ^^tfi©^^ y7©j£»lK=&ffi 
[0094] -e©M^. M«96gEtt©^l^iB©S 

^fficcj; or> ?i< y -> y 3>%y- nii uffim® 

[009 5] f«^317 BBtt©¥*tt&X©»J£&&tt. 
Xt" 7'(a-l)-Ca-3)=&^fr S it^ tbKWfSm^^ 
ItCtO, ^y3>M^bJRJ:0 8t«**Jl«. ->'J3> 
ISR^y- l-lii ©KJBtfe&J "ftfefflJ: y ©C^T/ISP 

[0096] ft 8 z&f$,<Dmm#m&<DWimj]mz. 

^•yy\a)^mnLX. ^l©h^>^X^©y-h 
JMWR©iUI.*J»2 © h 5 >yx *©y- h$fe^0©0 
l?J;y^<^^-SC£{cJ:y . Iioh7>-^$4 
S2©h7 >i^X ^ <fc y «> ASEEttf^^cca l/fc«Jt«: 

tscim^c*, 0i©h7>yx**is«]is6 

f?ffl(CH2©F7>^f 4ffi*EE!bf'BHKm» *«© 
h7>^ *©fl[l»»W*J?rffitt^fla6{B*»* C £ 

{0 097 ] E»*3B9fB*K©*^^a©S«jS^». 
X v 7"(a-l)~ Ca-4)*Htf T S £ C» 5 Jt««JlB***!i 
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&o £ .tJgsps:W-rsj& i©F5 >yx #©y- Kfcstjs 

*Jtt«rtlM«cgSK:»S c i -c£ So 
[0 09 8] I5ISHC UT> 7.7- v 7*(a-5)~ (a-7)£^T 
TS 1 1> 5 tfc«fl«rtB*a«a«: «fc <9 . >»fc««t 
0 H^H^itf < . >«KRCJf y- h ©K£ 

tfe^ffegp j: o (St»TJi»Sc;±)i**Wr Slit 2 © h 

S. 10 
[0 09 9] Uxt, Sf 1 ~SS 3 CDi^ifmfti^M©^ 
JBW i * 4 -0 6 ©ffiRSttttttffi©l£KJ* £ * PfflK 

[0100] 5»3#g 1 0£«^¥^£K©HS:6& 

6). afeO'tCX-f 7'(a-4)RO*Ca-7)?:-e-n^ t ni5]B#tC^ 
*TlTSC£(CJ;«3. «^«©IMWb*B*C 20 

So 

[0ffi©1Siii&SMg] 

[a i ] c<Dmw<omM<DBm 1 r&s^zn*=KM-c 

So 

s» 

[03] mm<o^m 1 ©«j£#ffi*5*-r»rins-c* 
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